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Introduction
.
The relationship between non-cognitive skills and personality traits 1 and success in life has been widely demonstrated, as such skills and traits have been found to be strong predictors of academic performance and life outcomes (Almlund, Duckworth, Heckman, & Kautz, 2011; Borghans, Duckworth, Heckman, & Weel, 2008; Brunello & Schlotter, 2011; Fletcher, 2013; Heckman & Kautz, 2012; Lindqvist & Vestman, 2011) . Though they may change as a result of educational experience, there is surprisingly little evidence on the effect of education on personality traits (Hanushek, Welch, Machin, & Woessmann, 2011; Heckman, Stixrud, & Urzua, 2006) , and none of the studies focuses on apprenticeship training (workbased secondary education). Therefore, this paper aims to provide first evidence on the causal effect of apprenticeship training on personality traits as measured with an approximation of the Big Five personality traits concept (Costa & MacCrae, 1992; McCrae & Costa, 1987) .
Breaking down the rigid separation between school and work, work-based secondary education may affect personality traits differently than full-time schoolbased education. We distinguish four potential channels of influence. The first suggests that a trade-off between teaching cognitive and non-cognitive skills exists (Trade-off channel) . The second channel posits that the direct feedback from clients and colleagues has a different and stronger socializing effect than feedback from school peers and teachers (Feedback Channel) . The third channel suggests that apprentices have more responsibility (Responsibility Channel) . Finally, the fourth channel contends that school-based education provides more freedom (Freedom Channel) . 3 We exploit a dataset that follows participants of the 2000 Swiss Programme for
International Student Assessment (PISA) examination at grade 9 up to the age of 25. To address endogeneity concerns due to selection and unobserved heterogeneity, we apply an instrumental variable approach that exploits regional differences in the relevance of general secondary education across Switzerland and in the share of work-based secondary education across the child's country of birth. Findings show that apprenticeship training reduces neuroticism and increases agreeableness compared to both school-based vocational and school-based general secondary education. Furthermore, there is evidence that conscientiousness is improved, while openness and extraversion remain unaffected. The results suggest that the impact on openness and neuroticism represent permanent shifts, while the difference in conscientiousness disappears over time.
Analyzing the heterogeneity of the effects reveals that apprenticeship training is most beneficial for individuals with less favorable personality traits. This is true regarding both openness and neuroticism. For individuals with high values in conscientiousness and extraversion, attending apprenticeship training may actually have a detrimental effect.
The remainder of this paper is organized as follows. Section 2 reviews the existing evidence on the effects of education on personality traits and discusses how apprenticeship training may affect personality traits. Section 3 reveals the data, and section 4 presents the estimation strategy. Section 5 reports our results of the impact of apprenticeship training on personality traits, and section 6 presents our paper's conclusions.
Literature and Theoretical Framework

4
These personality traits are not permanently entrenched at birth (Hanushek et al., 2011) . While the literature claims that genetic factors are responsible for the stability of the personality, environmental factors are responsible for personality changes (Blonigen, Hicks, Krueger, Patrick, & Iacono, 2006; Borghans et al., 2008; Lykken, Bouchard, McGue, & Tellegen, 1993) . Late adolescence and early adulthood seem to be critical and sensitive periods, i.e., a time when personality traits are still very fluid compared to adulthood (Roberts & Mroczek, 2008; Roberts, Walton, & Viechtbauer, 2006) . As the predominant environment during adolescence and early adulthood is the educational environment, it may influence personality traits. Therefore, it is important to understand how personality traits can change, in particular, to what extent education influences the development of personality traits.
Only a few empirical studies have examined the causal relationship between education and personality traits. Heckman, Stixrud and Urzua (2006) formulate an economic model that identifies the effect of school years on cognitive skills and personality traits, taking into account the possibility of reverse causality. They find evidence that the number of years of schooling affects personality traits. For example, an additional year of high school and college positively affects selfesteem, while the locus of control is primarily affected by high school attendance, but not by college attendance. These two personality measures are not part of the traditional Big Five typology used in this research; however, they are associated with neuroticism, which is a Big Five factor. 2 Some studies have analyzed the impact of different interventions 3 before or during school on personality traits. Studies based on the randomized Perry Preschool and STAR projects find that home visits, better peers and smaller classes positively impact personality traits (Dee & West, 2011; Heckman, Pinto, & Savelyev, 2012) .
While these two projects do not focus directly on the effect on personality traits, there are studies that do. For example, a randomized 3-year socio-emotional learning program, the Promoting Alternative Thinking Strategies (PATHS) curriculum, 2 Self-esteem refers to an individual's subjective sense of his own worth (De Wals & Meszaros, 2011) . Locus of control refers to an individual's belief about whether the determinants of one's life are determined internally or externally (Rotter, 1966) . 3 For an overview, see Almlund et al. (2011 ), Brunello and Schlotter (2011 ) or Heckman and Kautz (2013 is associated with an increase in authority acceptance, concentration and social competence (Bierman et al., 2010) . Other interventions are more short-term and designed to isolate a particular effect. In a randomized experiment in Switzerland (Behncke, 2009) , the treatment group received positive affirmation intervention before taking a math test. The test scores for the treatment group were significantly raised, which the author attributes to a change in non-cognitive abilities, such as an increase in student motivation and self-confidence and a decrease in test anxiety. Accordingly, the learning environment, e.g., teacher characteristics, seems to be crucial for the development of personality traits. In addition to providing limited guidance for the study at hand, by analyzing short-term interventions, these studies may measure an effect on short-term behavior, e.g., motivation, rather than on personality traits.
Others relate systemic features of school systems to personality traits (Falck & Woessmann, 2010) . Luedemann (2011), for example, finds a small but significantly positive impact on students' personality traits results from the monitoring of teacher lessons by the principal or external inspectors according to assessments used to compare the school to district or national performance standards.
Theoretical Framework
Given the impact of personality traits on outcomes and the impact of environmental factors (i.e., education) on personality traits, the question whether apprenticeship training causes a change in personality traits is addressed in this research.
Good-quality workplace learning -one aspect of an apprenticeship -provides students with valuable labor market experience before graduation by enabling apprentices to develop technical skills and gain real word experiences (OECD, 2013) . There are at least four channels through which a causal effect of apprenticeship training compared to full-time school-based secondary education might arise.
The Trade-off channel stems from the possibility that schools face a trade-off between investments in cognitive skills and personality skills. Full-time schools measure student achievement by cognitive tests, as personality traits are difficult to measure. Moreover, general secondary education teachers are not allowed to rate or assess students' personality traits. Accordingly, full-time schools do not fo-6 cus on the development of personality traits. Standardized tests assess cognitive skills and are subject to the possible teaching-to-the-test effect. Because apprentices, on the other hand, come into contact with clients, instructors are more inclined to invest resources in the development of personality traits.
The Feedback Channel arises because of the co-education of apprentices in both the school environment and the workplace as apprentices are supervised and mentored by professionals in the training firm and have contact with clients. Therefore, education in the workplace may involve the teaching of different personality traits (Heckman & Kautz, 2013; Lerman, 2013) . For example, apprentices must report for work on time (punctuality), and they do not have the option of 'skipping' the first lesson. They must also cooperate with others (team work (OECD, 2013)), including not only students of the same age but adults and professionals who are older and more experienced. Therefore, apprentices face a much older and more experienced peer group. By serving as role models, these older peers may affect the personality traits of individuals. Furthermore, peers have the potential to sanction non-conforming social behaviors. Relatedly, as apprentices earn wages, the training firms also have the possibility to sanction non-conforming behaviors.
Persevering on tasks (work discipline) and reliability represent examples of skills that apprentices must acquire to be successful in their workplace environment.
The Responsibility Channel arises because apprentices face more responsibility. First, they interact directly with clients. Second, they are responsible for valuable equipment, and third they serve as role models for the younger apprentices.
Hence, during their education, they assume a supervisory and parental role for younger apprentices. Accordingly, acting responsibly is important and may lead to increased self-confidence and reliable behavior.
The Freedom Channel stems from the fact that students in general education profit from a higher degree of freedom and more leisure time. This includes the way students learn as well as the amount of leisure time they have each week as schoolbased education offers more than twice as much vacation time for students compared to apprenticeship programs, which typically offer 5 to 6 weeks of vacation time per year. 
Data
In this research, we make use of the Transition to Education and Employment survey (TREE) 4 . The TREE is a longitudinal follow-up study to the PISA 2000 that was conducted in Switzerland. The TREE survey is administered each year be- 
Swiss Education System
After completing the Swiss compulsory school (9th grade), adolescents can choose among several possibilities. Almost half of the students (43%) enter apprenticeship training programs. Apprenticeships -dual vocational education or work-based education -are a core element of the vocational education and training (VET) in Switzerland and combine on-the-job training with classroom learning in a vocational school. The VET typically lasts three or four years. Apprentices attend school one or two days a week. Of the students finishing lower secondary education, 30% begin a general secondary educational program (high school), i.e., a full-time school that allows entry to universities upon successful completion, 9% choose another full-time school-based secondary educational program (HMS, DMS, FMS), i.e., a more vocational-oriented education with no direct access to universities (in this paper, we use the term "school-based vocational secondary education"), 16% follow an alternative education path, 1% enter the workforce and 1% do nothing. However, these percentages differ substantially among the various Swiss cantons (member states), and these differences have been highly persistent for the last 20 years (SKBF, 2011 Factor analysis is the standard approach for defining constructs in personality psychology (Borghans et al., 2008) . Using the within-cluster correlations of the measures, we isolate a latent factor for each of the Big Five personality traits. The factor loadings displayed in Table 1b confirm that the employed proxies represent independent dimensions.
Estimation Strategy
To assess the impact of attending apprenticeship training on personality traits, we start by estimating an OLS equation of the following form:
where A is a dummy variable indicating apprenticeship training and P represents the Big Five personality traits for student i at time t. B is a set of control variables, We extend the analysis of the average effect of apprenticeship training on the personality traits of adolescents in two directions. First, we use information in 2007 and 2010 to evaluate whether the estimated effects are merely transitory or whether work-based education has a permanent effect on personality traits. Second, we are interested in whether the effect is heterogeneous across the sample. Therefore, we split the sample according to the mean of the dependent variable and check whether work-based education affects individuals with low and high values in the corresponding personality traits differentially.
However, OLS estimates may suffer from an endogeneity bias due to selection, reverse causality or unobserved heterogeneity. For example, high neuroticism might lead the student to choose a high school rather than apprenticeship training.
Because we can never observe the same student under different secondary education treatments, the credibility of an empirical analysis depends on the plausibility of the identification strategy. Therefore, we apply an instrument variable (IV) ap-10 proach (Angrist, Imbens, & Rubin, 1996) . In this case, A in formula (1) represents predicted values based on the following first-stage model: 7
where z denotes our instrument variables and u is a random error term. Subscript j refers to a region (explained below), that is, either the canton or the country where the individual was born. Identification in our model results from the fact that the share of general secondary education among cantons in Switzerland varies highly (see Swiss Education System) as depicted in Table 1e .
The internal validity of our IV approach relies on the assumption that cantons and personality traits are independent. This assumption, however, may be violated, e.g., because of culture. We address this issue in four ways. First, we include a broad range of control variables. Second, we add dummies for seven areas in our estimation, implying that we only exploit within-area variation for the identification of the effect and thereby homogenize the variation in terms of, e.g., culture.
Third, we include the average dependent variable in canton j in the model, thereby accounting for cantonal variation in the dependent variable trait. Fourth, we use an alternative instrument, namely, the share of work-based secondary education across Europe in the country in which the individual was born. This allows us to test formally the validity of our instrument using a Sargan test.
Using the inter-cantonal differences in the shares of general secondary students as an instrument, we measure the local average treatment effect (LATE) of apprenticeship training, that is, the impact on personality traits for individuals whose decision is affected by the share of general secondary education students in the canton (compliers). Those choosing apprenticeship training regardless (always-takers)
are not affected by the instrument. Similarly, school leavers that would never attend apprenticeship training (never-takers) are also not affected by the instrument.
Accordingly, our approach may not fully capture the externally valid causal effect.
We gauge the relevance of this issue by comparing the estimates for different subgroups, i.e., gender, mother's education above and below ISCED 3A and values on PISA reading scores above and below the sample mean (Table 6 ). The qualita-tively similar results for these subgroups suggest that external validity is rather high. Further, external validity may be impaired by the fact that we drop changeovers and dropouts between education tracks from the sample. Assuming that the improvement in personality traits increases the probability of following through in a chosen education track, we interpret our estimates as a lower bound of the effect of apprenticeship training. However, our data suggest that the share of students changing educational tracks is fairly low.
Results
Table 2 The IV estimates are displayed in Table 3 To test whether omitted variables confound the cantonal share of the general secondary education identification strategy, we report robustness checks (Table 4) All instruments have a significant correlation with the apprenticeship dummy, and all estimates include time dummies to increase precision and account for overall trends in personality development. The estimates confirm the baseline results in Table 3 .
Moreover, using the share of work-based secondary education in a child's origin as an instrument variable (COUNTRY) confirms these results (Table 4 ). The models using country averages reported in Table 1e add controls for different covariates, as shown in Table 1c . Because origin may affect skills and, hence, educational choice, it is particularly important to add the control vector for estimates using country averages as instruments. The results confirm the baseline results and indicate a positive effect of work-based education on conscientiousness compared to school-based secondary education, a positive effect on extraversion compared to school-based vocational education, and a negative effect on extraversion compared to general secondary education.
Including both sets of instruments, i.e., child origin (COUNTRY) and cantonal (CANTON) instrument variables, we test whether the additional instrument is statistically valid. We report the p-values of Sargan's over-identification tests, which suggest that the instruments are uncorrelated with the error term with the exception of extraversion.
However, in the long term, the differences may diminish. As we conduct a 10-year follow-up study, we are able to analyze the medium-and long-term impact of apprenticeship training at age 22 and 25 (Table 5 ). Our results indicate that the im-13 pact on personality traits remains in the long term. Only the effect on conscientiousness disappears over time. Furthermore, Table 6 allows us to assess a potential problem in terms of external validity by revealing the respective results for subpopulations of the sample. In general, the results hold for all subpopulations. However, boys seem to benefit more than girls from work-based training as they exhibit higher values in conscientiousness and agreeableness.
Conclusion
Recent evidence documents that personality traits predict a wide range of life outcomes including educational achievement and labor market outcomes. Hence, information about how education impacts personality traits is crucial. Following the hypotheses of Heckman and Kautz (2013) that work-based education, e.g., apprenticeship training, may involve the teaching of valuable personality traits, we provide first evidence regarding the effect of work-based secondary education (apprenticeship training) compared to school-based secondary education on the Big Five personality traits.
We make use of a large representative PISA 2000 follow-up sample in Switzerland (TREE) and apply an IV approach to control for endogeneity. Identification in our model results from the fact that the share of general secondary education between cantons in Switzerland is highly varied.
14 The evidence in this paper indicates that education can change personality traits.
Our estimates suggest that apprenticeship training has a relevant and significantly positive impact on agreeableness, it lowers neuroticism, and it might improve conscientiousness. These results validate the socializing function of work-based education. However, the estimates indicate heterogeneous treatment effects. Apprenticeship training can enhance personality traits for individuals with less favorable personality traits. In particular, conscientiousness, the tendency to be organized and responsible, which is observed as the most predictive across a variety of out- Hauppauge, NY: Nova Science Publishers. 
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